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Abstract 
An efficient lighting control systems (LCS) should take advantage of the natural light available, but this presents 
some technical challenges as well as user related issues. So far, the assessment of lighting energy consumption of 
LCS has been based on technical features rather than the occupants’ acceptance. 
This article presents the results of a monitoring study providing some recommendations based on the human and 
technical aspects of LCS in small scale applications. 
Four identical peripheral office rooms located in Lund, Sweden, were equipped with four different LCS: manual 
switch at the door, presence detector, daylight dimming with absence detector and LED task lamp. Each occupant 
performed ordinary office tasks for two weeks in each room in April-May 2013. A subjective evaluation concerning 
the general lighting experience and the appreciation of the LCS was carried out. 
The results indicate that the manual switch was greatly appreciated and it accomplished good energy performances 
(75% savings compared to the presence detector). The daylight-linked LCS achieved only slightly higher savings 
(79%), due to relatively high parasitic losses, but did not guarantee an optimal light environment. The desk lamp 
achieved 97% savings, but the lighting conditions were considered unacceptable by the office workers. In general, the 
participants in this study perceived all automatic controls as stressful. 
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1. Introduction 
Modern man evolved for thousands of years under natural light. Since the homo sapiens appeared on 
Earth (about 150000 years ago), most of his activities occurred outdoors while dark hours were mostly 
illuminated by firelight [1]. As the artificial light sources became more affordable and controllable, the 
time spent indoors started to increase, especially after the commercialization of the first light bulbs, a little 
more than 100 years ago. Electric lighting is thus like a blink of the eye for mankind in terms of 
evolutionary time. Therefore, it is not surprising that people generally prefer daylight and that sunlight is 
so essential to human health [2-4]. 
Today, the postindustrial society is generally out of phase with respect to daylight. Furthermore, it is 
estimated that people spend about 90% of their life indoors [5], where the illumination is mainly provided 
by electric lighting according to visual (not biological) requirements.  
The use of electric light sources could have negative effects on well-being [6], with higher risk at 
higher latitude, where people can rely on a few hours of daylight during the winter. These effects could be 
even counted in economic terms: an unhealthy employee is less productive and generally more vulnerable 
to illness. Such costs must be taken into account during the lighting design and the project should always 
consider the so-called “human factors” [7, 8] besides potential energy savings.  
Although the choice of the electric light source plays a fundamental role in the design of the light 
environment, it is considerably important to pinpoint where, when and how the electric light should be 
provided by the lighting control system (LCS). 
Investment in energy-efficient lighting technology is considered one of the most cost effective ways to 
reduce carbon emissions [9] and the energy saving potential achieved with LCSs can be really significant 
according to previous research [10]. In general, research has shown that daylight-linked lighting control 
systems such as automatic on/off and continuous dimming have the potential to reduce the electrical 
energy consumption in office buildings by as much as 30 to 60% [11-13]. 
The market offers a wide range of LCS: manual on/off switches, presence and absence detectors, light 
scene controls, daylight-linked systems and, more recently, auto-tuning LEDs which change in both 
intensity and color temperature [14, 15]. However, in real life applications, the advanced LCS do not 
always perform as promised due to technical and non-technical issues [16].  Especially in the case of 
daylight-linked systems, it is worth to remind that, in spite of few promising laboratory test results and 
computer predictions, most of these systems do not provide the anticipated energy savings when installed 
in real buildings [17-19] [19 via 11]. 
In small scale applications specifically, such as individual office rooms, the users claim preference for 
manual control systems [20] or respond negatively to automatic controls [21-23]. In some cases, the 
automatic LCS cause so much stress that they are even deactivated [24 via 25], which cancels out some of 
the energy savings. 
This article presents the results of a monitoring field study, where the electricity consumption and 
users' preferences are analyzed for four different LCSs. The systems are tested in real individual office 
rooms for two months during the spring season (April-May 2013).  
This study adds to the knowledge gained in a previous study performed in similar conditions during the 
winter 2012-2013 [16]. In the winter monitoring, we identified that the manual control was highly 
appreciated and accomplished relatively good energy performance (32% savings compared to the 
presence detector,). The photoelectric dimming was not able to achieve the expected performance (only 
6% savings compared to the presence detector), most probably due to the typical darkness of that period in 
addition to some technical problems with the photosensor calibration. The desk lamp achieved 93% 
savings, but the lighting conditions were totally unacceptable. In general, the users perceived the LCSs as 
stressful.  
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The knowledge and insight gained from these two studies focus mainly on the human and technical 
aspects of LCS, with emphasis on retrofitting of office buildings. 
 
2. Methods 
2.1. Geometry 
This field study was carried out in four identical single occupant office rooms located in the periphery 
of a large buildings of Lund University’s Campus (LTH), Lund, Sweden (55º 42’N, 13º 12’E). The tested 
rooms were occupied by employees of the Division of Energy and Building Design at LTH. The users 
were all sitting in similar position with respect to the window. 
The experimental rooms faced west and they were identical in geometry and exposure to daylight. The 
floor area was 14,5 m2. The walls were painted white. The side walls were partially occupied with a book 
shelf. The back wall separated the offices from the main corridor, which was partially daylight and visible 
through the glazed door giving access to the room (50% glazed surface). 
The external west wall had a glazing-to-wall ratio of about 30%. The window had manually adjustable 
translucent rolling screens of a dark grey color. The rooms’ furnishings were similar for all four rooms. 
Fig. 1 presents a picture of a typical room as well as the measured daylight factor across the room’s depth. 
 
Fig. 1. (left) fisheye image of a test room; (right) daylight factor of the test rooms 
2.2. Lighting environment and data acquisition set-up 
Each room was supplied with two ceiling pendant light fixtures (830/28W x 2 T5 fluorescent tubes), 
which provided a lighting power density (LPD) of 8 W/m2. 
The offices were equipped with four different LCSs: 
x Occupancy linked-system (presence detector) and additional LED task lamp (6W, manually switchable 
and dimmable); 
x Manual switch at the door combined with absence detector (switched-off after 15 minutes of absence) 
and additional LED task lamp (6W, manually switchable and dimmable); 
x daylight-linked dimmable system with photosensor integrated in the light fixture + absence detector 
(15 minutes delay) and additional LED task lamp (6W, manually switchable and dimmable); 
x LED task lamp (6W, manually switchable and dimmable) with no general lighting in the room (only 
daylighting). 
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The artificial lighting provided 500 lux at desk height in the four rooms, including the light provided 
by the LED task lamp.  
The central data logger (Campbell CR1000) acquired the following parameters: 
x Electricity use by the lighting control system (Wh) with Carlo Gavazzi EM10 DIN Energy Meter; 
x Illuminance at two fixed points in each room, using Hagner SD2 standard lux detectors, positioned at 
0,8 m from the floor, and at 3,5 m and 2,1 m from the window, centered from lateral walls; 
x Working space light flux in each room, by means of a photodiode Hamamatsu S7686 integrated on a 
circuit board which stabilizes and amplifies the signal. The boards were successfully tested against the 
Hagner SD2 illuminance detectors. The measurable range varied between 0-2500 lux; above the 
superior threshold, the working space was considered over-lit; 
x Global horizontal exterior illuminance measured on the building roof using a Hagner ELV-841 light 
sensor. 
x Global and direct exterior vertical illuminance on the west façade of the building using two electric 
boards based on Hamamatsu S1133 photodiodes (with and without shading ring). 
The data logger scanned the sensors every 30 seconds, but data were averaged and saved in 6 minutes 
and 1 hour tables. 
The presence of the employee in the room was separately recorded by the existing control system for 
the ventilation. Finally, the user was also requested to annotate any change in screen position throughout 
the monitoring period. 
 
Fig. 2. Plan of the test rooms and luxmeters position 
2.3. Users’ satisfaction 
Each user performed normal office tasks for two weeks under the same LCS. The period was 
considered sufficient to get acquainted with the system and to identify to its main strengths and 
weaknesses. After the two-week period, the LCSs were shifted and the employees experienced the next 
system using a balanced order of presentation. The monitoring thus consisted of eight weeks of 
measurement, from the beginning of the daylight saving time (April, 1st) to end of May, during working 
hours (8.00-17.00). 
By the end of each two week period, the users were requested to respond to a short semi-structured 
interview [26]. It consisted in 5-10 minutes of discussion with open questions concerning:  
x their behavior, i.e. to understand the tasks performed and the patterns of use of the room; 
x their general lighting experience, i.e. to understand how the light environment was perceived and how 
daylight was appreciated, to identify possible glare situations; 
x their appreciation of the LCSs, i.e. to investigate the capability of each system in matching the light 
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requirements, to understand the users’ preferences in controlling the light environment and to check 
the user-friendliness of the LCS. 
3. Results 
3.1. Energy consumption 
During April and May 2013, the city of Lund could rely on more than 9 hours/day of sunlight. In 
comparison with the previous winter study, the light conditions were thus extremely different, which is 
typical for high latitudes. In general, the weather conditions combined with the good daylight design of 
the building (appropriate glass ratio and plan depth) lead to very little energy consumption for electric 
lighting in this spring study. 
In the first monitoring study [16], the daylight linked light fixtures with built-in photosensor, were 
bought directly from a respectable light distributor. Some irregularities were identified in the system and 
the company was called for a check, but apparently they did not have the right knowledge and 
instruments for calibrating the system. This in itself was an interesting learning experiment. 
In the present monitoring study (spring case), the light fixtures were thus calibrated with proper 
instruments by the main author of this article and minor problems have been finally solved by operating 
the microcontroller. 
 
Fig. 3. Energy consumption over the two months and achieved energy saving 
As foreseeable, the presence detector (automatic occupancy on/off) achieved the worst performance, 
i.e. an estimated 18,53 kWh consumed over the two months. This case is used as baseline for the 
calculation of the actual savings of the other systems. 
The manual control system with absence detector achieved 75% less energy use (4,71 kWh), the 
daylight linked system 79% (3,95 kWh), and, finally, the task lamp allowed savings as high as 97% (0,49 
kWh) (Fig. 3). 
During the spring season, daylight utilization effectively takes place, but Fig. 3 clearly shows that the 
system performance is spoiled by the standby losses. The daylight linked system, due to both the ballasts 
and the microcontrollers, accounted on a total parasitic power as high as 2,5 W. For the manual and the 
automatic systems it was 1,25 W, while the desk lamp case showed 0,25 W. Watching closely the 
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photoelectric dimming system, Fig. 3 shows that during the two spring months, the standby losses 
accounted for 83% of the total electricity use, which is relatively important. Although the effect is so 
evident mostly due to the very low electric lighting use, the standby would play an important role when 
the observation is extended to the whole year. By way of example, considering 365 days, the electricity 
use for standby of the daylight linked system for these specific offices will account for approximately 
1,35 kWh/m2yr. According to simulations for very similar offices [27], the system should show electricity 
consumption for lighting of about 7 kWh/m2yr. Thus, the standby would still represent roughly 20% of 
the total electricity used annually for lighting. 
3.2. Systems adaptability to the daylight conditions and users’ behavior 
The test subjects were academic professionals (PhD students and teachers), thus part of their job 
includes attending seminars, lectures, workshops, meetings and laboratory work. Consequently, the real 
occupancy corresponded to approximately 50% of the total monitoring time. It is also worth noting that 
the recommended 500 lux on the task area was provided by natural light more than 50% of the working 
time. 
Differences between the LCSs are more clearly shown under variable daylight conditions, like e.g. on 
a partly cloudy day. An example of such condition is presented in Fig. 4. 
In the manual switch case (Fig. 4.b), the employee arrived early in the morning and accepted an 
illuminance lower than 500 lux, probably because he/she was performing computer tasks. Around 09.30 
hours, the lights were switched on and the illuminance on the working task was kept around the setting 
level of 500 lux. During the afternoon, the daylight provided more than the recommended horizontal 
illuminance, but the electric light was still switched on. This odd behavior was further analyzed for the 
whole monitoring period. The analysis showed that the electric lighting was on just 8% of the time when 
the horizontal illuminance was higher than 500 lux, but mostly when the antecedent hours showed a lower 
daylight contribution (typically morning of cloudy days). This suggests that once the lights are switched 
on after a darker morning, the user simply forgets that to switch off the lights, which confirms results of 
other previous studies [28]. 
In the photoelectric dimming case, the system prevented the user poor behavior; so that the electric 
light was actually active only when the luminous flux on the working space was lower than the target. 
Concerning this system (Fig. 4.c), the illuminance on the working space is lower than in the other 
rooms since the user preferred, for some reason, to partially close the blinds. As for the manual control, in 
this case the user decided to turn on the lights even though the task area illuminance was around 500 lux. 
When the photosensor recognized an illuminance level higher than the target, the electric lights were 
automatically switched off. The user decided to turn them on again in the late afternoon.  
In the last case (Fig. 4.d), the task lamp was not used, not even during the morning, probably because 
the user was performing only computer based tasks or simply due to individual preference. Previous 
studies have shown that there are very wide variations in terms of individual preferences of light level 
[29]. 
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Fig. 4. Comparison of the four lighting control systems during a partly cloudy day: (a) automatic occupancy on/off, (b) manual 
switch with absence detector, (c) daylight linked system and (d) task lamp 
Other data collected during a spring overcast day concerning the manual and photoelectric dimming 
systems are presented in Fig. 5. This figure allows making some additional observations about the 
lighting environment provided by the two systems. 
 
 
Fig. 5. (a) Manual switch and (b) daylight linked system during a spring overcast day 
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The daylight linked system guaranteed 500 lux illuminance on the working space, with apparently 
good adaptability to the changeable daylight conditions (Fig.5.b). There was an evident electricity saving 
compared to the manual control (Fig. 5.a), though the standby power was rather high (small peaks), as 
previously remarked. The pendant closer to the desk was the only one working, since the other one could 
not recognize any movement in the controlled area (absence detector). However, the users generally 
reported a perception of darkness. 
The manual switch provided very similar levels of task area illuminance, but the users felt the 
environment as brighter and more comfortable compared to the daylight linked system. The same 
comment was constantly reported during the monitoring so this should be given some consideration. The 
objectively recorded data effectively showed that the illuminance at the two other points of the room was 
different (about 700 lux for the manual switch system, 200 lux for the daylight linked system). This result 
indicates that the working plan illuminance is an important variable of a comfortable light environment, 
but probably additional factors which describe the surrounding lighting environment should be 
considered. 
3.3. Users’ satisfaction assessment 
During the monitoring, the users were mostly performing computer-based tasks. They were sitting 
facing south-west, while the sun position in the afternoon gave direct radiation on the north lateral wall 
(Fig. 1), opposite to the working position. Although no major glare problems were reported, the test 
subjects generally used the blinds to slightly reduce the amount of daylight during the afternoon. In these 
cases, the electric light was not used in any of the rooms, except in the case of the presence detector. 
However, the luminous flux from natural light was more valued by the users, which accepted task 
illuminance of even 2000 lux when evenly distributed, before using the blinds. A common comment that 
stood out was the pleasure of having a bright working space just from natural light. Therefore, the users 
reported use of the manual controls when it was very necessary, probably more for the pleasantness of 
enjoying the natural light than for rational energy use reasons, replicating the findings of [20]. 
In spite of the low electric lighting requirements, the interviews drew anyway attention to some 
general issues about the four different LCSs. 
A general aversion for the automatic systems was reported by the users, which is in good agreement 
with most of the research in this field. In particular, the automatic occupancy on/off system was 
considered stressful and often disturbing. Some of the users also remarked that it represented a useless 
waste of energy. 
The photoelectric dimming system was slightly controversial. While the possibility of manually 
switching on the system was positively evaluated, the users reported a feeling of darkness when electric 
light was in operation, as previously stated. The users also suggested that the use of the system was 
sometimes pointless, since the change in the light environment was negligible, “almost imperceptible”. 
The manual control was highly appreciated. During the few overcast days of the monitoring period, the 
users could effectively work with a pleasant light environment. They also remarked that the absence 
detector could be a valuable strategy to reduce the energy consumption. 
Finally, the task lamp was considered sufficient when performing paper tasks with low daylight 
available, but not pleasant. Also, the absolute need of additional electric light was reported when having 
meetings, discussions and, in general, when staying far from the desk. 
4. Discussion and conclusions 
An efficient lighting control system should provide the correct amount of electric light for an 
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appropriate work environment, while saving energy. 
The so called “human factors” must always be considered as a priority, since this aspect is related to 
the user well-being, its productivity, economic aspects related to productivity and the actual energy 
saving potential.  
In the case of small individual or double-occupant offices, the most profitable solution appears to be a 
classic manual switch combined with an absence detector. This solution guarantees good energy savings 
and it is highly appreciated by the users. 
This does not exclude entirely the use of a proper daylight harvesting technology to exploit the share 
of available sunlight when the user considers essential to turn on the electric lighting, but it invites to 
additional considerations.  
An ideal photoelectric dimming device for small applications should be cheap, easy to install and user-
friendly. The entry-level products on the market today are often unable to achieve good performances, 
also because both sellers and technicians are often not sufficiently experienced and they lack the right 
installation and calibration tools. In this case, we witnessed that the distributor was simply not aware of 
the calibrating conditions for the system that was sold. Advanced training from the light manufacturer, 
would be a valuable solution for more reliable installations. 
In terms of energy savings, this article demonstrated that the size of the parasitic losses in daylight 
linked lighting control systems is not negligible. Their share in the total electricity consumption for 
lighting will constantly grow with the introduction of very efficient light sources, such as solid-state 
lighting. Thus, we must question the real effectiveness of more and more sophisticated LCSs in small or 
rarely used spaces, even when properly installed.  
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